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REMARKS 

The applicants appreciate the careful examination the Examiner has 
given to this application and believe the claims as amended will satisfy the Examiner's 
5 concerns. In the examination report, the Examiner has stated that claims 9-14, 26-36 
and 41-42 are allowable subject matter. 



Accordingly, claims 9, 26 and 41 have been re- written in independent 
form including all limitations of the base claim and intermediate claims as suggested 
10 by the Examiner. Thus, claims 9-14, 26-36 and 41-42 shall be now allowable. 

The Examiner has also requested the corrected drawings to show every 
feature of the invention specified in the claims. 

In response to this request, the inventors have double checked the 
drawings and confirmed that all features of the amended claims are shown in the 
15 drawings, e.g. all features of claim 9 are collectively shown in Figures 4A to 9, though 
different features of claim 9 may be shown in different drawings, e.g. forming k=3 
stages is illustrated in Figures 3C and 8 A, and grouping within a stage into blocks, sub- 
blocks and sub-sub-blocks is shown in Figures 4A and 9. 

If the Examiner disagrees with the above comments regarding the 
2 0 drawings, then the Applicant respectfully asks if the Examiner could be more specific 
what features of which claim(s) the Examiner considers missing from the drawings, 
and the Applicants will amend the drawings accordingly. 

An early allowance is respectfully requested. 

2 5 The Commissioner is hereby authorized to deduct any prescribed fees 

for these amendments, if required, from our Company's Deposit Account No. 501832. 

Yours truly, 

Dongxing^^^^^^^^^ 
Victoria Donnelly, Ph.D. 
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WE-CLAIM: 

1 . (canceled) A method of performing a k stage FFT (fast Fourier transform) 
computation of N data points wherein k and N are integers, the method comprising: 

performing a plurality of operation s upon the N data points, each one of 
the plurality of operations comprising; 

performing an import of a respective plurality of sets of data points of the 

N data points from an external memory into an internal memory; 

performing a FFT computation of the k stage FFT computation upon each 

one of the set s of data points in the internal memory; and 

performing an export of the respective plurality of sets of data points of 

the N data points from the internal memory into the external memory to update the 
respective sets of data points of the N data points in the external memory. 

2. (canceled) A method of performing a k - stage FFT computation of N data points 
wherein k and N are integers, the method comprising: 

for each one of a plurality of stage groupings of at least one stage of k 

stages of the k stage FFT computation wherein the plurality of stage groupings of at least 
one stage collectively comprise the k stages, performing a respective plurality of 
operations on the N data point s , each one of the respective plurality of operations 
comprising: 

performing an import of a respective plurality of sets of data points of the 

N data points from an external memory into an internal memory; 

performing a FFT computation upon each one of the respective plurality 

of sets of data points of the N data points in the internal memory; and 
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performing an export of4he respective^ — 
the N data points from the internal memory into the external memory to update the 
respective plurality of sets of data points of the N data points in the external memory. 

3. (canceled) A method of performing a k stage FFT computation according to claim 2 
comprising performing an import of a next respective plurality of sets of data points of 
the N data points for a next one of the respective plurality of operations while the 
performing a FFT computation upon each one of the respective plurality of sets of data 
points of the N data points in the internal memory. 

4. (canceled) A method of performing a k stage FFT computation according to claim 2 
comprising performing an export of a previous respective plurality of sets of data points 
of the N data points for a previous one of the respective plurality of operations while the 
performing a FFT computation upon each one of the respective plurality of sets of data 
points of the N data points in the internal memory. 

5. (canceled) A method of performing a k stage FFT computation according to claim 2 
wherein the FFT computation is performed using decimation in frequency (DIF). 

6. (canceled) A method of performing a k stage FFT computation according to claim 2 
wherein the FFT computation is performed using decimation in time (BIT). 

7. (canceled) A method of performing a k stage FFT computation according to claim 2 
wherein N substantially satisfies N = 2 k T 

8. (canceled) A method of performing a k stage FFT computation according to claim 7 
wherein the stage groupings of at least one stage comprise Q stage groupings each 
comprising S stages, said Q and said S being integers with Q ^r j^-^r l and k- ^-QSr 

9. (currently amended) A method of performing a k-stage FFT computation 
according to claim 8 of N data points wherein k and N are integers, the method 
comprising: for each one of a plurality of stage groupings of at least one stage of k stages 
of the k-stage FFT computation wherein the plurality of stage groupings of at least one 
stage collectively comprise the k stages, performing a respective plurality of operations 
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- on4he-N-data-points,-each-oneofthe respective pluralityof operations-comprising: 

performing an import of a respective plurality of sets of data points of the N data points 
from an external memory into an internal memory; performing a FFT computation upon 
each one of the respective plurality of sets of data points of the N data points in the 
internal memory; and performing an export of the respective plurality of sets of data 
points of the N data points from the internal memory into the external memory to update 
the respective plurality of sets of data points of the N data points in the external memory; 
wherein the stage groupings of at least one stage comprise Q stage groupings each 
comprising S stages, said Q and said S being integers with Q j^l, Sj^l and kj^ QS; and 

wherein N substantially satisfies N = 2 k , comprising: 

grouping, within a stage grouping, I, of the Q stage groupings wherein I is 
an integer satisfying 0<I<Q-1, the N data points into 2 !S blocks of data of N/2 IS 
respective data points; 

grouping, within each one of the 2 IS blocks of data, the N/2 IS respective 
data points into 2 s sub-blocks of data of N/2 IS+S respective data points; 

grouping, within each one of the 2 s sub-blocks of data, the N/2 IS+S 
respective data points into Mi sub-sub-blocks of data of N/(2 Mi) respective data 
points wherein Mi is an integer; 

to 

taking, within each one of the 2 blocks of data, a respective sub-sub- 
block of data of the Mi sub-sub-blocks of data from each one of the 2 sub-blocks of data 
to form a set of 2 s sub-sub-blocks of data of N/(2 IS Mi) data points a total of Mi times to 
produce Mi sets of 2 s sub-sub-blocks of data of N/(2 IS Mi) data points; and 

taking, within each one of the Mi sets of 2 sub-sub-blocks of data, a 

s s 
respective data point from each one of the 2 sub-blocks of data to form a set of 2 data 

points a total of N/(2 IS+s Mi) times to produce N/(2 IS+S M,) sets of 2 s data points. 



10. (original) A method of performing a k-stage FFT computation according to claim 9 
wherein, for the stage grouping, I, of the of the Q stage groupings of the plurality of stage 
groupings, the performing a respective plurality of operations on the N data points 
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~comprises-perfoiming-M — 
data within the stage grouping, I, each one of the Mi of the plurality operations 
comprising: 

performing an import of respective N/(2 Mi) sets of 2 data points from 
the external memory into the internal memory; 

performing an S-stage FFT computation of the k-stage FFT computation 
upon each set of 2 s data points of the respective N/(2 IS+s Mi) sets of 2 s data points in the 
internal memory; and 

performing an export of the respective N/(2 IS+s Mi) sets of 2 s data points 

IS"^"S 

from the internal memory into the external memory to update the respective N/(2 Mi) 
sets of 2 data points in the external memory. 

1 1 . (original) A method of performing a k-stage FFT computation according to claim 10 
wherein Mi substantially satisfies Mi = N/(2 IS Mi) wherein Mi corresponds to the number 
of data points the internal memory can hold. 

12. (original) A method of performing a k-stage FFT computation according to claim 10 

IQ 1 

wherein Mi substantially satisfies Mi = N/(2 ' Mi) wherein Mi corresponds to the 
number of data points a buffer in the internal memory can hold. 

13. (original) A method of performing a k-stage FFT computation according to claim 10 
wherein the performing an S-stage FFT computation of the k-stage FFT computation 
upon each set of 2 s data points of the respective N/(2 IS+s Mj) sets of 2 s data points results 
in N/(2 IS+S Mi) S-stage FFT computations, the N/(2 IS+S Mi) S-stage FFT computations 
comprising performing one stage of S stages for each one of the N/(2 10 ^ Mi) S-stage FFT 
computations and iterating through the S stages. 

14. (original) A method of performing a k-stage FFT computation according to claim 10 
wherein the performing an S-stage FFT computation of the k-stage FFT computation 
upon each set of 2 s data points of the respective N/(2 IS+s Mi) sets of 2 s data points results 
in N/(2 ,s+s Mi) S-stage FFT computations, the N/(2 IS+S Mi) S-stage FFT computations 
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of the N/(2 IS+S Mi) S-stage FFT computations before another S-stage FFT computation is 
performed on another of one of the N/(2 IS+S Mi) S-stage FFT computations. 

15. (canceled) A method of performing a k stage FFT computation according to claim 8 
wherein the stage groupings of at least one stage comprise a stage grouping comprising D 
stages wherein D is an integer and k~QS+D. 

16. (canceled) A method of performing a k - stage FFT computation according to claim 15 
wherein the performing an import comprises importing the plurality of sets of data points 
int o a buffer in the internal memory, the bu f fer having a capacity to hold Mj data points 
and D being an integer substantially satisfying D ^4eg2(Mj)r 

17. (canceled) A method of performing a k - stage FFT computation according to claim 15 
wherein the performing an import comprises importing the plurality of sets of data points 
into one of two buffers of a double buffer in the internal memory, each one of the two 
buffers having a capacity to hold Mi/2 data points and D being an integer substantially 
satisfying D- <4eg2(Mi/2)r 

18. (canceled) A method of performing a k stage FFT computation according to claim 1 5 
comprising, for each one of a plurality of sub stage groupings of at least one stage of the 
stage grouping of D stages wherein the plurality of sub stage grouping s of at least one 
stage collectively comprise the D stages, performing a set of sub - stage FFT computations 
wherein for each one of the sub stage FFT computations respective data points and 
respective twiddle factors are loaded into a high s peed cache. 

19. (canceled) A processing platform implementing the method of claim 2. 

20. (canceled) A proces s or comprising: 
an internal memory adapted to store data; 



a DMA (direct memory access) unit adapted to import data into the 

internal memory and to export data from the internal memory; and 
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a central processor-unit (CEU) adapted-to-perform ? -for each-one o£a 

plurality of stage groupings of at least one stage of k stages of the k s tage FFT 
computation wherein the plurality of stage groupings of at least one stage collectively 
comprise the k stages, a respective plurality of operation s on the N data points, for each 
one of the respective plurality of operations the CPU is adapted to: 

provide instructions to the DMA unit for performing an import of a 

respective plurality of sets of data points, of N data points, into the internal memory; 

perform a FFT computation upon each one of the respective plurality of 

sets of data points, of the N data points, in the internal memory; and 

provide instructions to the DMA unit for performing an export of the 

respective plurality of sets of data point s , of the N data points, from the internal memory 
to update the respective plurality of sets of data points of the N data points. 

2 1 . (canceled) A processor according to claim 20 further comprising an external memory 
adapted to store the N data points. 

22. (canceled) A processor according to claim 21 comprising at least one bus wherein the 
DMA unit is farther adapted to import the respective plurality of sets of data points, of 
the N data points, from the external memory and to export the respective plurality of sets 
of data points, of the N data points, into the external memory through the at least one bus. 

23. (canceled) A processor according to claim 20 wherein the internal memory 
comprises: 

a double buffer comprising two buffers each adapted to stored data points; 

two buses each adapted to provide a channel for importing the data points 

into a respective one of the two buffers and for exporting the data points from the 
respective one of the two buffers; and 



the CPU being further adapted to provide in s t ruct i o ns to the DMA unit for 

importing a respective plurality of sets of data point s , of the N data points, into one of the 



TR-073-US marked up copy 



7/13 



two buffers-while the-CPU-performs ERT computation^upon another respective-plurality - 
of sets of data points, of the N data points, stored in another one of the two buffers. 

24. (canceled) A processor according to claim 20 wherein the internal memory 
comprises: 

a double buffer comprising two buffers each adapted to stored data points; 

two buses each adapted to provide a channel for importing the data points 

into a respective one of the two buffers and for exporting the data points from the 
respective one of the two buffers; and 

the CPU being further adapted to provide instructions to the DMA unit for 

exporting respective sets of data points from one of the two buffers while the CPU 
performs FFT computations upon other respective sets of data points stored in another 
one of the two buffers. 

25. (canceled) A processor according to claim 20 wherein N substantially satisfies N = 2 k 
with k being an integer and wherein the stage groupings of at least one stage comprise Q 
stage groupings each comprising S s tages, said Q and said S being integers with Q^h 
S^ l and k» QSr 

26. (currently amended) A processor according to claim 20 comprising an internal 
memory adapted to store data; a DMA (direct memory access) unit adapted to import data 
into the internal memory and to export data from the internal memory; and a central 
processor unit (CPU) adapted to perform, for each one of a plurality of stage groupings of 
at least one stage of k stages of the k-stage FFT computation wherein the plurality of 
stage groupings of at least one stage collectively comprise the k stages, a respective 
plurality of operations on the N data points, for each one of the respective plurality of 
operations the CPU is adapted to: provide instructions to the DMA unit for performing an 
import of a respective plurality of sets of data points, of N data points, into the internal 
memory; perform a FFT computation upon each one of the respective plurality of sets of 
data points, of the N data points, in the internal memory; and provide instructions to the 
DMA unit for performing an export of the respective plurality of sets of data points, of 
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4he-N-data points^-from-the internal-memory-to updatetherespective pluralityotsets of — 
data points of the N data points, wherein the CPU is adapted to: 

group, within a stage grouping, I, of the Q stage groupings wherein I is an 
integer satisfying 0 < I < Q- 1 , the N data points into 2 ,s blocks of data of N/2 IS respective 
data points; 

|Q TO 

group, within each one of the 2 blocks of data, the N/2 respective data 
points into 2 sub-blocks of data of N/2 respective data points; 

group, within each one of the 2 s sub-blocks of data, the N/2 IS+S respective 
data points into Mi sub-sub-blocks of data of N/(2 Mi) respective data points wherein 
Mi is an integer; 

take, within each one of the 2 IS blocks of data, a respective sub-sub-block 
of data of the Mi sub-sub-blocks of data from each one of the 2 sub-blocks of data to 
form a set of 2 s sub-sub-blocks of data of N/(2 IS Mi) data points a total of Mi times to 
produce M! sets of 2 s sub-sub-blocks of data of N/(2 IS Mi) data points; and 

take, within each one of the Mi sets of 2 sub-sub-blocks of data, a 

O C 

respective data point from each one of the 2 sub-blocks of data to form a set of 2 data 
points a total of N/(2 IS+s Mi) times to produce N/(2 IS+s Mi) sets of 2 s data points. 

27. (original) A processor according to claim 26 wherein, for the stage grouping, I, of 
the of the Q stage groupings of the plurality of stage groupings, the CPU is adapted to 
perform Mi of the plurality operations for each one of the 2 blocks of data within the 
stage grouping, I, and for each one of the Mi of the plurality operations the CPU is 
adapted to: 

provide instructions to the DMA unit for performing an import of 
respective N/(2 ,s+s Mi) sets of 2 s data points into the internal memory; 



performing an S-stage FFT computation of the k-stage FFT computation 
upon each set of 2 s data points of the respective N/(2 IS+s Mi) sets of 2 s data points in the 
internal memory; and 
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-_provide4nstaictions^ 

respective N/(2 ls+s Mi) sets of 2 s data points from the internal memory to update the 

IO_|_0 c 

respective N/(2 Mi) sets of 2 data points. 

28. (original) A processor according to claim 27 wherein the internal memory comprises 
a buffer adapted to store the plurality of sets of data points, wherein the buffer has a 
capacity to hold Mi data points and Mj substantially satisfies Mi = N/(2 IS Mi) wherein Mi 
in an integer. 

29. (original) A processor according to claim 27 wherein the internal memory comprises 
a double buffer adapted to store the plurality of sets of data points, wherein the double 
buffer comprises two buffers each capable of storing Mi/2 data points and wherein said 
Mi substantially satisfies Mi = N/(2 ' Mi), Mi being an integer. 

30. (original) A processor according to claim 29 wherein while the CPU performs the S- 
stage FFT computation of the k-stage FFT computation upon each set of 2 data points of 
the respective N/(2 IS+s Mi) sets of 2 s data points, the respective N/(2 IS+s Mi) sets of 2 s data 
points being stored in one of the two buffers, the CPU is adapted to provide instructions 
to the DMA unit to import, into another one of the two buffers, respective N/(2 ls+s Mi) 
sets of 2 s data points of a next one of the each one of the Mj of the plurality operations. 

3 1 . (original) A processor according to claim 29 wherein while the CPU performs the S- 
stage FFT computation of the k-stage FFT computation upon each set of 2 data points of 
the respective N/(2 IS+s Mi) sets of 2 s data points, the respective N/(2 IS+S M|) sets of 2 s data 
points being stored in one of the two buffers, the CPU is adapted to provide instructions 
to the DMA unit to export, from another one of the two buffers, respective N/(2 IS+s Mi) 
sets of 2 data points from previous one of the each one of the Mj of the plurality 
operations. 

32. (original) A processor according to claim 27 wherein the performing an S-stage FFT 
computation of the k-stage FFT computation upon each set of 2 data points of the 
respective N/(2 ls+s Mi) sets of 2 s data points results in N/(2 ,s+s Mi) S-stage FFT 
computations, the CPU being further adapted to evaluate the N/(2 Mj) S-stage FFT 
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computations-atone-stageo£S-stages-for-each-one- of^e-N/^^MO-S-stage-EET 

computations and iterate through the S stages. 

33. (original) A processor according to claim 27 wherein the internal memory comprises 
a high-speed cache. 

34. (original) A processor according to claim 33 wherein the performing an S-stage FFT 
computation of the k-stage FFT computation upon each set of 2 s data points of the 
respective N/(2 IS+s Mi) sets of 2 s data points results in N/(2 IS+S Mi) S-stage FFT 
computations, the CPU being further adapted to perform computations for S stages of an 
S-stage FFT computation of one of the N/(2 IS+S Mi) S-stage FFT computations before 
performing another S-stage FFT computation of another one oftheN/(2^M,) S-stage 
FFT computations. 

35. (original) A processor according to claim 28 wherein the stage groupings of at least 
one stage comprise a stage grouping of D stage wherein D is an integer, said k 
substantially satisfying k=QS+D and said D substantially satisfying D < log2(Mi). 

36. (original) A processor according to claim 29 wherein the stage groupings of at least 
one stage comprise a stage grouping of D stage wherein D is an integer, said k 
substantially satisfying k=QS+D and said D substantially satisfying D<log2(Mi/2). 

37. (canceled) A processor according to claim 20 wherein the CPU is adapted to produce 
the k - stage FFT computation in real - time. 

38. (canceled) A processor according to claim 20 wherein the internal memory compri s es 
a buffer adapted to store twiddle factors used in the FFT computations. 

39. (canceled) An article of manufacture compri s ing: 

a computer usable medium having computer readable program code 

m e ans embodied therein for performing a k stage FFT computation of N data points 
wherein k and N are integers, the computer readable code means in said article of 
manufacture comprising: 
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computer-readable code-EET^eans-for-performing,for-each one of a — 

plurality of stage groupings of at least one stage of k stages of the k stage FFT 
computation wherein the plurality of stage groupings of at least one stage collectively 

comprise the k s tages, a respective plurality of operations on the N data points, for each 

« 

one of the respective plurality of operations the computer readable code FFT means 
comprising: 

computer readable code means for providing instructions for performing 

an import of a respective plurality of sets of data points of the N data points from an 
external memory into an internal memory; 

computer readable code means for performing a FFT computation upon 

each one of the respective plurality of sets of data points of the N data points in the 
internal memory; and 

computer readable code means for providing instructions for performing 

an export of the respective plurality of set s of data points of the N data points from the 
internal memory into the external memory to update the respective plurality of sets of 
data points of the N data points in the external memory, 

40. (canceled) An article of manufacture according to claim 39 wherein the stage 
groupings of at least one stage comprise a stage grouping of D stage and Q stage 
groupings of S stages wherein D, Q and S are integers and wherein said k substantially 
satisfies k~QS+D and k - lofe (N)r 

4 1 . (currently amended) An article of manufacture according to claim 10 
comprising a computer usable medium having computer readable program code means 
embodied therein for performing a k-stage FFT computation of N data points wherein k 
and N are integers, the computer readable code means in said article of manufacture 
comprising computer readable code FFT means for performing, for each one of a 
plurality of stage groupings of at least one stage of k stages of the k-stage FFT 
computation wherein the plurality of stage groupings of at least one stage collectively 
comprise the k stages, a respective plurality of operations on the N data points, for each 
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comprising computer readable code means for providing instructions for performing an 
import of a respective plurality of sets of data points of the N data points from an external 
memory into an internal memory; computer readable code means for performing a FFT 
computation upon each one of the respective plurality of sets of data points of the N data 
points in the internal memory; and computer readable code means for providing 
instructions for performing an export of the respective plurality of sets of data points of 
the N data points from the internal memory into the external memory to update the 
respective plurality of sets of data points of the N data points in the external memory, 
wherein the stage groupings of at least one stage comprise a stage grouping of D stage 
and Q stage groupings of S stages wherein D, Q and S are integers and wherein said k 
substantially satisfies k=QS+D and k = loggfN), comprising further computer readable 
code means for: 

grouping, within a stage grouping, I, of the Q stage groupings wherein I is 
an integer satisfying 0 < I < Q- 1 , the N data points into 2 blocks of data of N/2 
respective data points; 

grouping, within each one of the 2 IS blocks of data, the N/2 IS respective 
data points into 2 s sub-blocks of data of N/2 IS+S respective data points; 

grouping, within each one of the 2 s sub-blocks of data, the N/2 IS+S 
respective data points into Mi sub-sub-blocks of data of N/(2 IS+S Mi) respective data 
points wherein Mi is an integer; 

taking, within each one of the 2 blocks of data, a respective sub-sub- 
block of data of the Mi sub-sub-blocks of data from each one of the 2 s sub-blocks of data 
to form a set of 2 s sub-sub-blocks of data of N/(2 IS Mi) data points a total of Mi times to 

c jo 

produce Mi sets of 2 sub-sub-blocks of data of N/(2 Mi) data points; and 

taking, within each one of the Mi sets of 2 sub-sub-blocks of data, a 
respective data point from each one of the 2 sub-blocks of data to form a set of 2 data 
points a total of N/(2 IS+s Mi) times to produce N/(2 IS+s Mi) sets of 2 s data points. 
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42. -(original)— Anarticleotmanufacture according-to claim 41-wherein,-for-the^tage 
grouping, I, of the of the Q stage groupings of the plurality of stage groupings, the 
computer readable code FFT means is further adapted to perform Mi of the plurality 
operations for each one of the 2 IS blocks of data within the stage grouping, I, and for each 
one of the Mi of the plurality operations the computer readable code FFT means further 
comprising: 

computer readable code means for providing instructions for performing 
an import of respective N/(2 ls+s Mi) sets of 2 s data points from the external memory into 
the internal memory; 

computer readable code means for performing an S-stage FFT 
computation of the k-stage FFT computation upon each set of 2 data points of the 

|C_i_c c 

respective N/(2 Mi) sets of 2 data points in the internal memory; and 

computer readable code means for providing instructions for performing 
an export of the respective N/(2 IS+s Mi) sets of 2 s data points from the internal memory 
into the external memory to update the respective N/(2 ,s+s Mi) sets of 2 s data points in the 
external memofyr 
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